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REPORT or THE XETEOROLOUICAL STATION AT BERK- 
ELEY, CAk,  FOBTHE YEAR ENDING JUNE 30,1013.’ 

By WILLIAM GARDNER REED, Ph. n. 
[Dated University of California, Berkeley, Cal., Apr. 7,1014.1 

The University of California has carried on meteoro- 
logical work at Berkeley (lnt .  37’ 52’ N., long. 122’ 16’ W. 
Gr.; H,98meters;ht, 1.5meters; h,, 4.6meters) sinceOcto- 
ber 16, 1886, in cooperation with the United States Signal 
Service and its successor, the Weather Bureau. This 
work was a part of the wtivities of the Students’ Observn- 
tor uiitil July 1,1912, when it passed to the Department 
of B eography.. This report is the first of a series of annua.1 
re orts to be lssued by the university. 

?luring the fiscal year ending June 30, 1913, the follow- 
ing observat,ions were made a t  Y a. in. and S p. m. Pacific 
time : 

1. Temperature of the a.ir (dry-bulb thermometer). 
2. Temperature of evaporation (wet-bulb thermoni- 

eter). 
3. Maximum temperature in the preceding 12 houis. 
4. Minimum temperature in the preceding 12 hours. 
5. Pressure of the air. 
6. Amount of cloud, and weather. 
7. Wind direction and estimated velocity. 
8 .  Precipitation in the preceding 13 hours. 
In  addition to the observations a t  the regular hours, R 

and cha.r- 

has been made to record occaslonal meteorologic,al h e  
nomena of interest. The recording instrunients fave 
furnished continuous records of air temperature, air 
pressure, and relative humidity ; these automatsic records 
are complete from the times of the instn.llation of the 
instruments and are correct except for such errors as nre 
inherent in the instruments aiid which are not laige. 

The results of the observations have been recorded as 
made upon blank forms of the United States Weather 

record has been kept of the 
vailing wind direction of each 
and ending of prcci itation, 

character and pre- 
times of beginning 

acter of fog, and o ;P the occurrqnce of frost; an ntteiiipt 

1 Abuimd of University of California Publications m Geography, v. l(No.8).pp.247- 
306, hrued Apr. 7,1914. 

Bureau. In  addition to the figures obtained b obser- 

vation : Air pressure, corrected for temperature and local 
ravit ; air pressure a t  sea level; dew point; relative 

!unii&y; rind wessure of aqueous vapor. The range of 
teiiipernture ana the mean temperature for each day, the 
chaiige froni the mean of the preceding day, and the tota.1 
precipitation for ea.ch day have been computed. 

The instruments were exposed on the campus of the 
University a t  Berkele , 19 kdonieters (12 miles) east- 
northeust from the Golden Gate and the Pa&c Ocean. 
The slope froni the campus to Snn Francisco Bay is 
entle, about 90 meteis, 300 feet,, in 3 kilometers, 2 mdes. 40 t.he eitst the Berkeley Hills rise ebruptly to elevations 

of over 300 meters, 1,000 feet, above sea level. The 
thernionieter shelter and the rain gage are located a t  the 
Students’ Observatory, on the west side of a small hill. 
TKis location probably provides ood air draina e, with 

mometers are probably higher tShuii those a t  the bottom 
of the valley a few hundred meters awn . 

A summary of the meteorological con&ions at  Berke- 
ley for the year will be found in Table 1 [omitted]. 

It was deemed advisable to use the C. G. S .  system of 
absolute units as this report begins a new series and no 
previous reports have determmed the style so that 
rational units may be used without coni lication. For 
this reason the question was decided who y on the basis 
of the proper units. 

Owing to a change in the thermometer exposure the 
teiiiperatures for the yen.r are not strictly comparable 
with those of preceding years. In general the tempera- 
tures under the freer new esposure show higher maxima 
and lower niininia than under the former conditions. 

Table 1 [omitted] shows the weather conditions for 
each month of the year. Days with less than three- 
tenths of the sky was cloud covered through the day, or 
on which the sky cloud covered for less than three-tenths 
of the time, were recorded as clear. Days with more 
than seven-t,ent,hs of the sky covered through the day, or 
~ l ~ ~ ~ i d y  more than seven-tenths of the time, were recorded 
as cloudy. All other clnys were recorded as part-ly cloudy. 
The partly cloudy days fall into two classes, those on 
which the sky was more than three but less than seven- 
tenths cloudy throughout the day, and those on which 
the sky WM overcast or nearly-so for a part of the day 
and clear for a part of the day; in either caae the avera e 

and seven-tenths. The type of clay on which the sky 
wlts partly clourlp throughout the day is more usual in 
the winter than in the siinimer months; it is generally 
associated wit,h the margin of a cyclone, and niax occur 
at  the beginning or toward the end of a passage mth  the 
center near the station, or during the passage ofma cydone 
witah the center a t  soiiie distance from the station. The 
other type of pa-rt,ly c.loucly dag is probably the more 
conininn at  Berkeley. In summer this type occurs with 
fng  or “high fog” in the morning or evening hours, or 
hot.h, while the greater part of the daytime hours are 
clear. In winter there is a similar condition when “tule 
fogs” have drifted southward from the marshes of Suisun 
Bag and the Sacramento River. 
cloudy day are the cyclonic, which is the firsbnientioned: 
and the noncyclonic of the summer and the anticyclonic 
of the winter, which together constitute the second type 
mentioned. 
The monthly estrenie tein eratures since the opening 

vation, the following have been coniputed for eac 1 obser- 

the result that temperatures a t  t Y ie location of t % e ther- 

amount of cloud for the day was between three-tent E s 

The two types of part1 

of the station are given in Ta % le 2. 
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pitation was collected from fog, but the total amount 
from this source is small, probably not over 1.25 dli- 
metem, 0.05 inch, for the whole year. All the other 
days on which 0.25 millimeter, 0.01 inch, was collected 
are to be regarded as true rainy days, especiall 
on which more than 1.0 millimeter, 0.04 inc , was 
recorded, as in no case did the precipitation from fog 
much esceed the minimum measurable amount. 

Cyclonic raiilfaUs. 

i 

Although ractically all the rain at Berkeley is the 
result of cyc P onic activity, it has not been easy in all 
cases to assign the recipitation of a given day t o - a  
particular cyclone. Yn fact, the cyclonic relations in 
the Pacific coast region are somewhat complicated, 
rather important pressure fluctuations taking place 
while a single cyclone seems to be the dominant control 
of the weather, instead of t.he simpler fall in pressure 
as the cyclone approaches and t.he rise in pressure after 

In  view of the importance of the center has 
the cyclone as t, le control of precipita.tion at Berkeley,. 
Table 4 has been constructed. This table includes 
1d.l the recipitation for times at which depressionfl or 

from the barograph trace. By B somewhat liberal 
interpretation it has been possible to include under the 
18 cyclones given in Table 4 precipitation amounting to 
394.4 millimeters, 15.52 inches, or all but 2.8 millimeters, 
11.11 inches, of the total for the yea.r. Of this amount 
1 .O millimeter, 0.04 inch, was from fog, which leaves only 
1.S millimeters, 0.07 inch, of the rain not! accounted for 
hy cyclones. This amount, WHS all recorded on April 
12, a.nd is shown by the weat.her maps to be almost 
surely of cyclonic origin; it has been omitted from Table 
4 because the barograph trace does not show clear 
cyclonic characteristics. 

. 
!Iassed 

unsettle B conditions of pressure could be determured 

arm. 
0.0 
0.0 

37.1 
17.8 
98.8 
41.2 

TABLE 2.-Ememc temperatures at Univerady of C a l q F k ,  July 1, 
1887, to June SO, 1918. 

In. ! ~ m .  
0.0 0.0 

1.46 37.1 
0.70 54.9 
3.89 1 153.7 
1.62 194.9 

0.0 1 0.0 

Minimum. 

1.46 
2.16 
6.05 
7.67 

11.45 
1409 
14.07 
14.64 
1 5 . 8  
15.63 

15.63 

Month. I Maximum. 

16.8 
63.6 

119.3 
223.4 

368.9 
470.8 
m.6 
630.5 
669.6 
BBL.9 

664.9 

19l.a. 
January ....... 
February .___. 
March ........ 

ay .......... 
June .......... 
pa ......... 

9f3.0 3.78 290.9 
16.3 0.64 807.2 
60.3 1.98 357.5 
14.5 0.57 872.0 
25.2 0.99 397.2 
T. T. 397.2 

Barogmpb trace. weather map notes. 
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crming ' Washington i4th- 
26tk lows in southern 
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Strong &w OK Wasb 

gton 26th-29th. 

Depremions: Marked 

18tMlst ,b@ak2lst- 
26th. 

Weak depression.. .... 
Very falnt depression.. 

Faint deprm Ion...... 

15th-18th unsettled 

A .  
July ............................ I 309.3 
August ......................... I 307.1 
September.. .................... 811.2 
October ......................... 307.4 
Nwemb er ...................... 800.8 
December.. .................... 293.9 
January.. ...................... 298.0 

March .......................... 298.8 
A r i l  ........................... m . 3  dy ............................ 308.6 
June... ............. .:. ......... 311.4 

February ....................... I 299.4 

...................... i 311.4 
Year 

NoTE.-Minimurn temperatures for Ja 1908, are not avallable. 

PRECIPITATION, 

The total precipitation of all kinds for the year 1912-13 
was 397.2 millimeters, 15.63 inrhes. The inonthly and 
seasonal rainfall of Berkeley froni 1SS7 to 1912 has been 
compiled and was published in the lion thly Weather 
Review for April, 1913.' In  addition to theso two, the 
monthly rainfall and the total froni July 1 to the end of 
each month, witah the departures from the average for 
the same period, have been compiled for Table 3. 

TABLE 3.-bfonthlyand accumulated precipitation at University of Cal#x-- 
niu for  1912-15 with averages forZ6 years unddeparturesfiom the avcmgcs. 

Departure 1912-13. Monthly. Accumulated to I Month. 
- 
In. 
0.02 
0. OB 
0.66 
2.11 
1.70 
8.80 

14.35 
18.54 
9 . 3 7  #. 83 
25.98 
26.17 

!2& 17 

A l i m .  - 0.5 - 1.5 + 20.3 + 1.3 + 31.4 
- 18.5 

- 78.0 
-163.6 -m. 1 
-258.5 

-267.7 

-267.7 

-ma 

In. - 0.m 
- 0.06 + 0.80 
4- 0.05 + 1.35 
- 1.13 

- 3.08 - 6.45 - 9.30 
-10.1s 
-10.33 
-10.51 

-10.54 

TABLE I.-Cyclonie rainfall at Berkeley, Cal., 1912-1S. 
- 
NO, 

- 
1 

2 

3 

4 

S 
d 

7 

8 

9 

10 

11 

12 

13 

14 

15 
16 

17 

18 
- 

Date. Prwiplta- 
tlon. 
- 
In. 

0.09 

1.37 

0.70 

3.55 

0.05 
0.29 

1.51 

0.11 

0.70 

2.94 

0.01 

0.11 

0.50 

1.98 

0.50 
0.22 

0.35 

0.42 - 

- 
Mm 
2.3 

34. 8 

17.8 

90.1 

1.3 
7.4 

38. 4 

2.8 

20.1 

74.7 

1.0 

2.8 

12.7 

50.9 

12.7 

8.9 

10.7 

5. m 

- 

Sept. 2.. ... 
Sept. W... 

oct. 22-29.. 

Nov. 3-10.. 

Nov. 12-15. 
Nov. 16-20. 

Dw. 13-17.. 

Dec. 30-31. 

Jan. 7-11.. , 

Jan. 11-19.. 

Jan. 20-23.. 

Feb. 5-10.. . 
Feb. 20-28. 

Mar. 15-25. 

A r. 2-8.... 2 ay 8-9.. - ,  

May 16-19., 

May 27-29., 

The rainfall year was one of marked shortage in pre- 
cipitation, as may be seen from an exainination of 
Table 3. By itself the past year will stand out as one 
of t,he very dryest years of the record, but the condition 
of drought is especially noteworthy because the pre- 
ceding season, that of 1911-13, was one of very little 
rai?ifall. Never since the establishnients of trhe station 
have two such dry seasons occurred in succession, and 
consequently there is a marked shortage at the end of 
the season of 1913-13. 

The number of days with precipitation amounting 
to 0.25 millimeter, 0.01 inch, or more, were 55 during 
the year, and the number of days with 1.0 millimeter, 
0.04 inch, or more, were 46. The average for the 26 
years is 65 days, with 0.25 millimeter, 0.01 inch, and 
53 da.p with 1.0 millimeter, 0.04 inch. These days are 
those on which the amounts were collected by the rain 
gage: there may have been a few otsher days on which 
the amounts fell, but the catch of the gage is probably 
not far from the true amount of rainfall. On certain 
days, which number about five for the year, the preci- 

Marked d resslon 

Weak depression.. .... 14th and 15%. 

Marked depreabn..  .. 
Marked depression 

Marked depresslon .... 
11th-17th uJlS0ttled 
litl-lgth: 

... .do.. ............... 
Moderate depression 

20th-22d markedde 
presslon 'M-28th. 

Low in Brltish Columbia. 
Weak low in Northwestmu 

Low over;Nevada, moving 
Low over Nevada. 

states. 

east. 
1 W 0 Reed The rainfall of Berkel Cal. Mo. Weath. Rev. Wsphington 1913 

41 p. i25k27. Published In more e&%d form in Univ. Calif. Publ. ffeog., 1, pl63-76 (do. 2, 1918). 
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WIND. 

Observations of wind direction have been made at  the 
mornin and evenin hours; the results are tabulated 
under &e hesdingT"fincls at 8 h. and 20 h. (number of 
observations) " in able 1 [omitted.] This part of the table 
shows the winds actually observed on the canipus in the 
mornin and evening as far as they can be determined. 

equipment of the station cloes not include a vane and no 
accurate conipass directions have been laid down on the 
campus. In  general the observations have been made 
from the drift of smoke and from the flag on the campus, 
so that the directions inust be regarded as approxinia- 
tions and not the actual conditions of air movement. 
These give fairly accurate directions for the morning hour, 
but the directions are nore uncertain at night. 

The topography of Berkeley and ita vicinity probabl 
has a strong local influence on the wind direction, whic 
ma amount to actual control in some cases. The canyon 

dering the campus iiiust ave some effect on the wind 
direction. Although 111) detailed study has been macle of 
the local air drainage, it is certain from casual observa- 
tions that there is frequently in the evening a draft clown 
from Strawberry Canyon across the campus. There are, 
however, no observations which show whether there is an 
upcanyon draft in the daytinie. It would not be sur- 
prising to find that the trend of the €aces of the hills and 
the existence of Strawberry Canyon exert a marked in- 
fluence on the direction of the wind a t  the university 
campus. 

All win % directions a t  Berkeley must be estimated, as the 

K 
E of B trawberry Creek throu h the western line of hills bor- 

CONCLUSION. 

The mean annual temperature at Berkeley during the 
year 1912-13 was about 2S7'A., 57'F., with a mean an- 
nual range of 10'A., 19'F., and an extreme range of over 
40'A., 70'F. The mean masimuin temperature was 
292'A., 66OF., and the mean minimum 281°A., 47'F. 
The mean monthly range was 21°A., 38'F., the mean 
daily range IO'A., 19'F., and the mean change from day 
to day 1.4'A., 3.6' F. September was the warniwt month 
of the year ancl January was the coldest; Januarv was 
probably abnormally cold, but no other month had a 
very unusual tem erature. Frost was probably more 

the whole period of the record for these months. 
The pressure of the water vapor of the atmosphere 

was in eneral less than 13 millibars (10.0 millinletemor 

slightly more than 80 per cent morning and night, aqd 
the mean dew point was about 275' A., 36' P., in the 
winter and about 386' A., 58' F., in sumnier. The vapor 
pressure and the dew point showed a stron tendency to 

of the year were generallv clear, but only a uarter of 

cloudy days had several hours of bright sunshine. Fog 
was observed on 40 clays and "high fo5'  on about as 
many more, which is probably about t e average for 
Berkeley. 

The total precipitation for the year was 397.2 millinie- 
ters, 15.63 inches, which is 267.7 millinieters, 10.54 inclies, 
less than the average. Se teinber and November had 

had less than the average. Snow fell on one day in danu- 
ary. 

frequent in Decem E er and January than the average for 

0.4 inc f of mercury), the relative humidity averaged 

vary with the air temperature. Not quite a alf the days 

the days were generally c.oudy and many of B t e partly 

more than the average rain F all, but all the other months 

There were 58 rainy days during the 
slightly less than the average; in five 
there ware more than the average 

and in five there were less than the average number, July 
and Au s t  bein omitted from consideration, as they are 
generagdry.  !$he heaviest fall of rain in any one day 
of the year w-as 60.7 millimeters, 3.39 inches, on Novem- 
her 6; this WRS tlie only day on which as much as 35 mil- 
limeters, l inch, fell. The recipitation of the year was 

which passed fur north of Berkele , but the cyclones were 
near enough tu control the weat i er a t  the station. 

The wind was largely froili southerly and westerly 
directions in the average for the year, both in the prevail- 
ing directions by rlays ancl a t  tlie observation hours. The 
wes terlv element. was more marked in bhe sumnier months. 
Calm da s were rare, althou h no wind movement was 
observe a t  ahout, one-fifth o f the observation hours. 

inuinIy the result of IS c y  F ones, the centers of~.most of 

. . .  . . . , .. I. i ' : t  : ,, ' .  .' . - !  * > 
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ELECTRIC PARAGRSLES.~ 

By A. ANOOT, Director, Bureau CeIitral Xl6t6orologique de France. 
[Translated by R. E. Edwards from dnnuaire, SOC. m6Uorol. de France, Mars, 1914.1 

It is unnecessnry t.o r&ew the objectioiis that I have 
heretofore ~ ~ V C J I  agahst the use of cannons or rockets 
for protection from hail. These rocesses have always 

their origin at  lenst in a legitimate idea, they seek to at- 
tack a thunderstorm cloud directly and to destroy it. 

The elect.ric "niagara " apparent,ly has not even this 
advantage. I t  is founded on t,he erroneous idea that 
hail is an electrical phenomenon. 

seemed to me to he of doubtful e P ciency; but they have 

more extensive nieteorolo- 
gical plienon~eiilt which are c,onnected with the geiieral 
circu la t,io ii of the at  niosphe re. 

The primary phenomenon is an ascending current ( en- 
erally accompanied b a barometric depression) whch 

ninibus by meteorologists. In certain cases it has been 
possible to fcllow the rocess of the ascending air current 

areas, such as the whole of Europe, Great Britam, and 
Russia. 

The ascendin- cuiTent and tahe cuniulo-nimbus which 
it produces, unzergo in their progress constant modifica- 
tions; the local nianifestat8ions depend 011 the violence of 
the phenomena. 

Everywhere we may observe the passage of the cumulo- 
nimbus; over certain regions 'this passage will be accom- 
panied b more or less heavy showers, phenomena less 
general t c an the cloud; in more limited regioas, more Be- 
rious indicatioiis will he manifested ; li htning and thun- 
der; that is, a thunderstorm and ha$. But these last 
two indications are not necessarily associated. Thun- 
derstorms may occur without hail or hail without thun- 
clerstornis. Admitting that a "iiiagnra"-that is, a light- 
ning rod-can act on electrical manifestations, we do not 
see what influence it could exert on a phenomenon such as 
hail, in whose production electricity plays no part. 

Moreover, hail forms at  altitudes such as seem to be not 
easily accessible with our nieans of action. In  order 
that a hailstone may form, it is necessary that the sur- 
rounding temperature be leas than 0' C. Sup osing that 
the temperature a t  the ground be only25' 8, whch is 

causes the formation o B a special cloud, designated cuniulo- 

ancl of the correspon B Ing cumulo-nimbus over very large 

IExtralt de la eommuuication faite P la Sad& nationale d'agridture de Fram, 
Seanee du 4 f&b,  1914. 


